Bulletin No. 104 - The Storage of Winter Precipitation in Soils by Widtsoe, John A.
Utah State University 
DigitalCommons@USU 
UAES Bulletins Agricultural Experiment Station 
10-1908 
Bulletin No. 104 - The Storage of Winter Precipitation in Soils 
John A. Widtsoe 
Follow this and additional works at: https://digitalcommons.usu.edu/uaes_bulletins 
 Part of the Agronomy and Crop Sciences Commons, and the Soil Science Commons 
Recommended Citation 
Widtsoe, John A., "Bulletin No. 104 - The Storage of Winter Precipitation in Soils" (1908). UAES Bulletins. 
Paper 55. 
https://digitalcommons.usu.edu/uaes_bulletins/55 
This Full Issue is brought to you for free and open access 
by the Agricultural Experiment Station at 
DigitalCommons@USU. It has been accepted for 
inclusion in UAES Bulletins by an authorized 
administrator of DigitalCommons@USU. For more 
information, please contact digitalcommons@usu.edu. 
EXPERIMENT ST A TIQN 
OF THE 
AGRICULTURAL COLLEGE ' 
OF UTAH 
Bulletin' No. 104 
THE STORAGE OF 
WINTER PRECIPIT A TION 
IN SOILS 
BY 
John A. Widtsoe 
OCTOBER, 1908, LOGAN, UTAH . 
SKELTON PUBLISHING COMPANY 
SALT LAKE CITY , ' UTAH 
The Agricultural' Experiment Station of Utah. 
BOARD OF TRUSTEES. 
HON. LORENZO N. STOHL .. ......... .. ..... . . ... .. . Brigham 
HON. THOMAS SMART ..... . ... .. , .. " . " . .. . ,""', .. Logan 
HON. SUSA YOUNG GATES, . ,.' ., ", ... .. . .... . Salt Lake City 
HON. JOHN Q. ADAMS ., .. . ," '" ,. ,' .,' .... ,., , . . . . . .. Logan 
HON. ELIZABETH C. McCUNE " . . , ........... . . Salt Lake City 
HON. J. W. N. WHITECOTTON .. . . ,., .......... ,., . ... . Provo 
HON. A. S. CONDON .. . . .. ". , . .. ... ... .. .. " .. .. ... ' .. .. Ogden 
OI:FICERS OF THE BOARD. 
LORENZO N. STOHL. , .. . . , . .. .... .. , . , , . , , , ..... , ,President 
ELIZABETH C. McCUNE, . .. , , , . , , . . , .. , .. , , .. . Vice-President 
.J. T. CAINE, JR .. , , , . .... ..... , ,Recording Secretary and Auditor 
JOHN L. COBURN , . , . , , ...... . .. . , , .. , . . , ,Financial Se'cretary 
ALLAN M. FLEMING , , . ... . , .... ........ .. , , . . . . .. ' . Treasurer 
EXPERIMENT STATION STAFF. 
J. A. WIDTSOE, Ph.D., President of the College. 
E. D. BALL, Ph. D. , . . ... , . ... . , ..... Director and Entomologist 
W. W. McLAUGHLIN, B. S . .. , . , , .. , . , . ...... Irrigation Engineer 
R. S. NORTHROP, B. S . . . ... .. , .. , ........ , , , .. ,Horticulturist 
H. J. FREDERICK, D. V. MOo . . . . .... . , .. , .. , ..... . Veterinarian 
JOHN T. CAINE, IlL, M. S. A . .. , ...... .. , . Animal Husbandman 
ROBERT STEWART, B. So. . ....... . .. , , ... .. , .... .. . . . Chemist 
J. C. HOGENSON, M. S. A ... . . " . ...... ... . .. . .... . ,Agronomist 
S. H. GOODWIN, B. D . . . . . '.' , ..... .. , .. . Economic Ornithologist 
E. G. TITUS, M. S., '. , ..... . , , , . , , , , , . ... , , . , ..... Entomologist 
L. A MERRILL, B. S. , . . .. . Agronomist, (In charge of Arid Farms) 
T. E. WOODWARD, B. S .. , .. , " .. , . ... . ... .. .. " '" ,Dairyman 
J. E. GREAVES, M. S .. , , . , , .. , . , , ..... , .... , . Assist ant Chemist 
E. H. FAVOR, A. B. , . , , . , . . , . , , .. , , . , .. . Assistant Horticulturist 
H. W. CROCKETT , . , , , , , , .... , , , , . . .... Assist ant Horticulturist 
F. D. FARRELL. B. S, ... .... . , .. , .. . ... ... Assistant Agronomist 
G. M. TURPIN , , .. , .. . .. , , , , . , ... .. , , .. . . Assistant Poultryman 
W. L. WALKER, B. S . . ... , , , .. , , , , , , , ..... , , . Assistant Chemist 
J. R. HORTON . . .. , , .. , . .. , .. . , . , , , ... Assistant in Entomology 
JOSEPH T. ATKIN .. , .... Foreman Southern Experiment Station 
OLA LARSON . . .. . ..... , .. . Foreman Central Experiment Station 
The Bulletins will be sent. free to any address in the State, on 
written application to the Experiment Station, Logan! Utah. 
CONTENTS. 
A. Introductory. 
1. The Reason for the Investigation .. . .................. 281 
B. On an Irrigated Farm. 
2. The Experimental Farm and Methods ... ... . . . . ....... 282 
3. The Per Cent. of Soil Moisture in the Fall .. . .. ....... 283 
4. The Per Cent. of the Winter Precipitation Found in the 
First Eight Feet of Soil ... . . .. '. . . . . . . . . . . . . . . . . . 285 
5. The Constancy of the Per Cent. of Soil Water in the 
S pring Time. ' .' . .. .. ... .. .... .. .. '. . . . . . . . . . . . . . 287 
. 6. How Much of the Precipitation is Lost by Evaporation? 288 
7. Does the Precipitation Go Below the Eighth Foot Limit? 289 
8. How the Moisture Changes May Occur ... ..... . . . . ..... 291 
9. The Total Amount of Water in the Soil in the Spring. . . .. 294 
10. The Value of Fall Plowing in Conserving the Natural 
Precipitation ... . ... .. . . . .. . ... .. ... .. .. ........ 295 
11. Fall and Winter Irrigation.. . . . . . . . . . . . . . . . . . . . . . . . .. 296 
12. The Formation of Water Logged Lands. . . . . . . . . . . . . . .. 297 
C. On Arid or Non-Irrigated Farms. 
13. The Experimental Farms and Methods . . . . . . ... . .. .... 298 
14. The Per Cent. of the Winter Precipi~ation Found in 
the First Eight Feet ................ . . . . . ..... 299 
15. The Constancy of the Per Cent. of Soil Water in the 
Spring Time .. . .. ... .. . . .. . . ........ c • • • • • • • • • •• 302 
16. How Much of the Precipitation is Lost by Evaporation? 303 
17. Does the Precipitation Go Below the Eight Foot Limit?. 307 
18. The Total Amount of Water in the Soil in the Spring . . .. 308 
19. The Effect of Summer Fallowing on the Soil Moisture .. 309 
D. Conclusion. 
20. Summary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 315 
stORAGE OF WINTER PRECIPITATION 
THE STORAGE ·OF WINTER PREClPITATION IN SOILS.* 
By JOHN A. WIDTSOE. 
A. INTRODUCTORY. 
1. The Reason for the Investigation. 
It has been found that the production of one pound of dry plant 
substance on soils of average fertility, requires in humid districts not 
more than five hundred pounds of water, and in arid districts like 
Utah about seven hundred and fifty pounds. This indicates that 
the average rainfall of Utah, which is about twelve inches, if prop-
erly conserved in the soil, is sufficient to produce annually, without 
irrigation, from thirty to forty-five bushels of wheat to the acre, or 
corresponding yields of other crops. The realization of this truth 
has changed greatly our views of irrigation practices. The begin-
ning of irrigation wisdom is now considered to be the conservation 
of the natural precipita~ion, which means that soil must be used 
as a storage reservoir for water. If the farmer succeeds in bringing 
the larger portion of the rain and snowfall into the soil, and in keep-
ing it there until crops need it, some success of the crop is assured. 
Irrigation under such c'onditions is, as it always should be, supple-
mentary only to the natural precipitation, for the amount of irriga-
tion water needed decreases as the amount of water stored in the 
soil increases. As the value of the natural precipitation becomes 
better understood among irrigation farmers, the present supply of 
irrigation water may be made to cover a more extended area. The 
progress of irrigation depends very largely upon the degree to which 
the farmers will care for the natural supply of water that falls upon 
their farms in the form of rain and snow. 
*The data on which this bulletin is based were collected partly in the Irriga-
tion Investigations carried on in cooperation with the Irrigation Division of the 
U. S. Office of Experiment Stations, and partly in the Arid Farming Investigations 
conducted under the authority of the State of Utah. The data here used will appear 
in the regular reports on Irrigation and Arid Farming, for which they were' obtained .: 
This bulletin is an incidental use of data on hand. 
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The discovery that the natural precipitation may be made a 
prime factor in the production of irrigated crops, really laid the 
foundation of farming without irrigation. In fact, the experiments 
in arid farming, begun at this Station some eight years ago, were 
inaugurated only after the Station workers had become convinced 
that the precipitation oyer the Great Basin district is, in most cases, 
sufficient, if properly conserved, to produce, profitably, many of the 
staple crops without irrigation. Since that time, the irrigation ex-
periments conducted by this Station have shown t.hat irrigation 
should be supplemental only to the natural precipitation; and t.hat, 
therefore, the irrigation farmer of the future must consider first the 
proper storage .of the rainfall "and snowfall in the soil, and later the 
water-right in the canal above his farm. . 
The importance thus given to the natural precipitation, has 
naturally raised many new problems. Some doubts have been 
expressed concerning the correctness of the statement that a large 
proportion of the winter precipitation is actually stored in the soil 
to be. used by plants the following summer. Other questions have 
concerned themselves with the depth to which water may pene-
trate soils; its availability when held 'at considerable soil depths and 
the relationship of water to plant food in the production of plants. 
Many of these questions have been investigated during the last eight 
years by the Utah Station, with numerous interesting, and some 
remarkable, results. This bulletin concerns itself, only, with the 
study of the storage of the winter precipitation in the soil. By 
winter precipitation is meant the precipitation, whether in the form 
'of rain or snow, from harvest time to spring time. All the observa-
tions here recorded have been made under field conditions. 
B. ON AN IRRIGATED FARM. 
2. The Experimental Farm and Methods. 
The farm on which these experiments were conducted is located 
at Greenville, Cache County, about one ~ile north of the College 
campus. It is a farm on which the irrigation investigations of the 
past eight years have been conducted. Table No.1 shows the physic-
al composition of the soil of the farm in foot sections to a depth of 8 
feet. The soil is typical of the great majority of the better Great 
Basin s~ils; of high fertility; free from alkali, and of very uniform 
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TABLE ' No.1. 
Physical Composition ·of the Soil of the Greenville Farm. 
(In Per Cents in Fine Matter) 
Depth of J I
Sample. I 1 2 3 4 5 .6 7 8 
(Feet) 
Sand , . , .. . , , 35.22 38.29 36.12 41.29 44.94 39.43 42.46 38.84 
Silt '- , . , . , . , . 53.40 47.36 53.02 48.49 43.45 49.15 48.91 51.08 
Clay .. " .. . . 8.36 7.86 10.13 7.57 7.82 6.78 6.52 7.57 
Soluble and 
Lost . . , ... 3.021 6.491 0.73 1 2.65 3.791 4.64 2.11 2.51 
Total. . . , .1100.001100.001100.001100.001100.001100.00 1100.00 1100.00 
texture to great depths. Ground water is 'at least 50 feet below the 
surface. No gravel strata or forms of hard pan of consequence 
.occur, nor, as far as known, are there any other serious hindrances to 
the downward and upward movements of water. Like most Great 
Basin soils, the soil of this farm is characterized by a very high per 
cent. of calcium carbonate, averaging in the neighborhood of 40 
percent. ' 
The soil sampl~s on which this bulletin is based were taken in 
foot sections, to a depth of 8 feet, with ordinary 1~ inch augers, 
the shafts of which had been lengthened from 3 to 10 feet. The soil 
samples thus obtain.ed were placed in Mason fruit jars and se~led; 
then immediately taken to the laboratory where the water was found 
in a ·50 gram sample by simple drying at 110 degrees C. All moisture 
determinations in this bulletin are on the dry basis. That is, 10 
per cent. of water means 10 pounds of water for 100 pounds of water-
free soil. The discussion in this bulletin is based on nearly 20,000 in-
dividual moisture determinations. 
3. The Per Cent. of Soil Moisture in the Fall. 
The per cent. of moisture found in the soil of an irrigated farm, 
in the fall, varies with several factors, such as the crop grown, the 
total amount of water applied during the season, and the date of the 
last irrigation. The total amount of water, when more than the 
plant really needs is applied. i~ t.he strongest factor in leaving the 
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TABLE No. 2. 
The Effect of the Total Amount of Water Applied Through 
out the Season on the Amount Found in the Soil in the Fall. 
(All moisture per cents. are on the basis of d,ry soil.) 
Total Water PerCent. Date of No: of Water Date of Last Year Trial. CROP Applied Found in 'Irrigation Sampling (Inches) the Fall the Soil 
1902 2 Peas . . .. . .. , . . . 12.25 8.71 Aug. 8 Aug. 8 
" 1 Peas . .. . . ... .. ' 30.54 12.92 Aug. 8 Aug. 8 
" 10 Sugar Beets . ... 18.00 10.29 Sept. 7 Oct. 21 
" 4 Sugar Beets .. . . 37.67 12.37 Sept. 15 Oct. 21 
" 4 Wheat . . . ... . . 7.60 7.04 July 20 Aug. 25 
" 6 Wheat . ..... ' . . 16.25 9.77 July 20 Aug. 23 
" 2 Wheat ... . . . . . 38.59 15.09 Aug. 8 Aug. 13 
1904 4 Lucern . . . ..... 22.50 9.54 Aug. 16 Sept. 28 
" 1 Lucern . ... .. . '. 49.85 15.12 Aug. 26 Sept. 28 
1905 1 Beans ... . . .. , . 11.25 9.66 Aug. 25 Oct. 13 
" 2 Carrots .. .... .. 54.50 13.25 Sept. 6 Oc~. 23 
" 2 Onions . .. ... . . 17.50 11.98 Sept 8 Oct. 30 
1~?61 2 I Oats .. . . . . .... 17.50 14.32 Aug. 4 Aug 14. 2 Oats .. ' ...... .. 28.72 15.86 Aug. 4 Aug. 16 
TABLE No. 3. 
The Effect of the Crop on the Amount of Water Found in 
.. 
So'il in Fall . 
(All moisture per cents. are on the basis of dry soil.) 
No. of Total Water 
Pcr Cent. Date of Water Date of Last Year Trials CROP Applied Found in Irrigation Sampling the (Inches) Fall ' Soil' 
1903 4 Oats ... . . . ... . 16.29 10.35 July 14 Aug. 19 
" 7 Wheat .... .. . . 16.90 '8.91 July 19 July 10 
1902 2 Corn . ... .. . , .. . 7.50 9.89 July 24 Sept. 3 
" 4 Wheat .. . . . . .. 7.60 7.04 July 20 Aug. 26 
]904 4 Lucern . . .... .. 22.50 9.54 Aug. 16 Sept. 28 
" 3 Potatoes . . .... 22.08 11.77 Aug. 24 Oct. 24 
" 6 Wheat .. . . .... 29.00 12.08 Aug. 5 Aug. 30 
" 1 Barley .. ... . .. 29.10 15.12 Aug. 1 Aug. 13 
1905 1 Carrots . ... .. . . 15.00 8.84 July 26 Oct. 23 
" 8 Wheat . ..... . . 15.72 10.49 July 18 Aug. 13 
" 2 Onions .. .. .... 17.50 11.98 Sept. 8 Oct. 30 
" 1 Cabbage ... . .. . 17.50 9.60 Sept. 6 Oct. 23 
1906 2 Oats ... . . . .. .. 12.50 15.90 July 11 July 16 
" 2 Peas .. . ... . . . . 12.50 12.01 July 16 Aug. 13 
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soil with high moisture content. Crops vary in the degree to which 
they can exhaust the soil of water. Tables 2 and 3, show the effects 
of the total amount of irrigation water applied and the crop grown, 
on the per cent. of moisture found in the soil in the fall. 
4. The Per Cent. of the Winter Precipitation Found in the First 
Eight Feet of Soil. 
Table No. 4 exhibits the results obtained during five seasons, 
from the autumn of 1902 to the spring of 1908. The results agree 
in showing that in the spring a large per cent. of the winter precipi-
tation is actually fou:p.d in the upper 8 feet of soil. In one case, dur-
ing the season of 1904-05, as high as 95.56 per cent.; and of the max-
imum series, an average of 82.13 per cent. of the total winter pre-
cipitation was accounted for in the upper eight feet. The data of this 
table prove conclusively that the winter precipitation may be stored 
in the soil. The quantity stored is in many cases much larger than 
was expected by the experimenters. The number of trials is so large 
and the seasons so numerous and varied as to make the results un-
uRually reliable, and a sufficient answer to those who doubt that the 
soil may act as a storage reservoir for the winter precipitation. 
However, the per cent. of the precipitation accounted for in the 
first 8 feet of soil varies inversely with the amount of wate'r found in 
the soil in the fall. The drier the soil is in the fall, the more of the 
snow- and rainfall is found in the soil in the spring. The wetter the 
soil is in the fall, the smaller is the per cent. of the precipitation 
found in the soil in the spring. In fact, when the soil contained, in 
the fall, from 17 to 19 per cent. of water (in one case 15.34%), a 
smaller per cent. was found in the soil in the spring, which would 
indicate an apparent loss of water from the soil in addition to the 
apparent complete loss of the water of the natural precipitation. 
This fact appears in every season of the investigation. As will be 
shown later, this loss is only apparent and is due to a readjustment 
of the water film throughout the soil. 
Some interesting questions are raised by the data of Table No.4. 
For instance, What becomes of the winter precipitation not accounted 
for in the first eight feet of soil? Why is it that when the soils in 
the fall contain an average of about 17 per cent. of moisture' through-
out the upper eight feet, there is an apparent diminution of moisture 
by spring? The water thus unaccounted for, can, as far as is now 
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TABLE No.4. 
The Per Cent. of the Winter Precipitation Found in the First . 
Eight Feet of Soil in the' Spring. 
(All soil moisture per cents. are on the basis of dry soil.) 
.... 
. .... - 8 .." B c: u ", 
'" . 
_ - u e 3..; "'...c: ~.5 u~ u 
--
0-
...c: .S ..,,:; -00 
...... 0.. 
---
o...c: 
.g'O . _o~ :! o en. °5.9 
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.;; ~ en. .... en. u 
0:: ~.s ..s 0::: ti.S 
1902. 1903. 
33 Sept. 12 8.78 April 16 14.98 6,20 7.15 8.51 87.59 
18 Sept. 7 12.00 April 13 15.08 3.08 3.59 8.08 44.53 
8 Sept. 9 14.56 April 14 16,11 1.55 1.81 8.10 22.48 
8 Sept. 16 18.23 April 15 17.17 -1.07 -1.26 8.03 Loss 
1904. 1905. r~ ' 
16 Aug. 23 7.87 April 22 14.38 6.50 7.59 7.94 95.56 
12 Sept. 14 10.72 April 19 15.93 5.20 6.07 7.14 87.46 
12 Oct. 6 13.55 May 7 16.68 3.13 3.65 7.20 51.69 
9 Sept. 23 16.06 April 21 17.02 .94 1.10 6.72 15.53 
5 Aug .. 24 19.24 April 16 17.20 -2.04 -2.42 7.57 Loss 
1905. 1906. 
18 .sept. 8 . 8.83\ April 28 \ 17.34 8.50 10.03 12.14 82.61 
20 Sept. 25 12.54 May 5 17.45 4.91 5.73 11.23 51.48 
18 Oct. 13 14.53 Aprp' 29 17.36 2.83 3.29 10.37 31.89 
7 Sept. 3 16.05 April 28 18.32 2.27 2.65 11.84 22.44 
7 Sept. 18 17.92 May 4 17.93 .01 .01 12.43 Loss 
1906. 1907. 
2 Oct. 8 9.10 April 29 17.80 8.70 10.15 16.17 62.77 
17 Oct. 3 11.74 May 9 16.18 4.46 5.18 17.22 30.04 
39 Sept. 24 14.56 May 11 16.77 2.21 2.58 17.58 14.63 
17 Sept. 6 17.26 May 6 16.73 -.53 -.62 20.19 Loss 
1907. 1908. 
24 Sept. 14 11.03 April 23 14.72 3.69 4.31 6.38 67.55 
24 Oct. 6 13.60 April 25 15.50 1.90 2.22 5.80 38.28 
3 Sept. 16 15.34 April 22 /14.501 . -.84 1 
- .98 1 7.01 1 Loss 
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known, escape in only two ways-either it has evaporated into the 
air and is entirely lost for plant ·production; or it has moved into the 
lower layers of the soil below eight feeet, where it may, in part at 
least, be available for plant growth. 
5. The Constancy of the Per Cent. of Soil Water in the Spring Time. 
The most striking fact, in pursuing the water not accounted for 
in the upper eight· feet of soil, is the low water capacity of the soils 
in question under field conditions, as shown by the per cent. of water 
in the soil in the spring. It is noticeable that under field conditions 
the soil of the experimental plats contained approximately the same 
TABLE No.5. 
The Average Per Cent., and the Total Amount of Soil 
Moisture in the Spring Time 
(On the Greenville Farm.) 
DATE. 
Average per IEquivalents 
cent. Water tOj in inches 
8 ft. Dry basis Rainfall. 
April, 1903 ......................... I 15.36 
15.36 
16.52 
17.55 
17.36 
16.66 
16.63 
15.00 
17.92 
17.92 
19.27 
20.48 
20.26 
19.44 
19.41 
17.51 
April, 1905 . ...... .. ...... .. ... . .... . 
May, 1905 .. ........................ . 
April, 1906 ............... . .. ....... . . 
May, 1906 .. .... ... . . . .. . ... . . . ... . . 
April, 1907 ...... . . . ... . .. .. ... . .... . 
May, 1907 ........ .. ... ............ . 
April, 1908 . .... ............. . ... .. . . 
per cents. of water in the spring, no matter what the moisture con-
dition of the soils was in 'the fall. This is well exhibited in Table No.· 
5 which shows the averages for five seasons of all the plats under in-
vestigation. In fact, during the five seasons the total fluctuation 
. was only between 15.36 per cent. and 17.55 per cent. In the months 
of April, 1903 and 1905 the per cents. were identical-15.36; in May, 
1905 and April and May, 1906 there was a difference of about 1 per 
cent.; In April and May of 1907 they were almost identical with that 
of May, 1905; and in April, 1908, the per cent. was a trifle lower than 
in April of 1903 and 1905. This very remarkable constancy in the 
per cent. of water found in the soils of the experimental farm in the 
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spring time of various years, can be explained only on the assumption 
that it represents the equilibrium of the forces involved in the hold-
ing of the soil water to a depth of eight feet at a time when the winter 
season is nearly over and before growing plants have had an oppor-
tunity to introduce other active forces. The average saturation 
point of this soil to a depth of eight feet, under field condition, is 
therefore below 17.50 per cent. This low water . capacity explains 
the ' reason why so much of the precipitation falling on moist soils 
must move down to considerable depths; unless, indeed, we accept 
the alternative that it is evaporated and returned to ·the air as water 
vapor. The results of the irrigation investigations conducted at this 
Station, confirm the comparatively low saturation point of this soil 
under· field conditions. 
6. How much of the Precipitation is Lost by Evaporation? 
Evaporation, of course, goes on at all seasons of the year and 
ex.p.1ains som~ of the loss, but it is very improbable that the w.ater 
which falls as rain or snow is wholly or even largely taken up during 
the winter months as water vapor. From a bare but· irrigated plat 
on the experimental farm during the hot months of July and August 
. only a trifle more tha.n three inches per month were evaporated. 
Evaporation tests conducted near the farm have shown that the total 
evaporation from a free water surface during· the month of November 
rarely exceeds 172 inches. During December, January and Feb-
ruary, and perhaps . March and April, the evaporation from f!' ;e 
water surfaces is not higher, and since these months are the winter 
months of the year, is probah!y i.ow~r. . The total evaporation from 
. a free water surface, during the six months covered mainly by these 
experiments, and under an ordinary season, does not largely exceed 
10 inches. From a wetted soil under the same conditions the evap-
oration would undoubtedly be less. During the season of 1906-07, 
when the winter precipitation averaged over 17 inches, it would seem 
physically impossible for all the water of the snow- and rainfall to 
be returned to the air as water; and yet, in one series of tests, as an 
average of seventeeen trials, when the soil contained 17.26 per cent. 
water in the fall; over twenty inches of precipitation were lost, so far 
as the upper eight feet of soil could reveal a gain or loss. (See Table 
4.) The strongest argument, however, against the idea that the 
water unacc~unted for in Table No.4 has been lost largely by evap-
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oration, is that under precisely the same conditions, in' each season, 
much of the natural precipitation can be accounted for in the soils 
that were dry in the spring. There can be no reason for believing 
that rain when falling on a somewhat moist soil will be who'lly evap-
orated, and when falling upon a neighboring piece of drier soil ~ill 
very largely be absorbed and held in the soil throughout the season. 
Of course, there is no denying the fact that under 'like conditions 
more water is evaporated from a wet than from a dry soil, but it may 
be noted that the difference in moisture in the fall is not large. In 
connection with this view, it must not be forgotten that even the 
wettest soils in these tests were not wholly saturated. Other workers 
have found that small differences in moisture content under the sat-
uration point cause even smaller differences in evaporation '-* 
It should also be mentioned that the surfaces of all of the soils 
during the winter were kept in somewhat moist condition which 
would tend to equalize the rate of evaporation. While some of the 
rain- and snowfall is lost by evaporation, yet the amount so returned 
to the air must indeed be very small when it is considered tha t 
during the five seasons in question the soils th at contained less than 
10 per cent. of moisture in the fall, accounted for an average of about 
82 per cent. of the total precipitation, Some of the 18 pel' cent. un-
accounted for no doubt went below the 8 feet limit.' Only a , cio~­
paratively small amount could therefore ha.ve been lost by evapor-
ation. ( 
7. Does the Precipitation go Be'low the Eighth-Foot -L,imit~ 
There are some excellent ' reasons for believing that the winter 
precipitation penetrates the ,soil to depths b~yond the eighth ' foot 
limit. To obtain so.me evidence on this point Table No. ' 6 has been 
constructed. It shows the distribution of water in the first 8 feet 
or' ~oil in the fall and in the succeeding spring. By examining the 
first series of trials in each season, representing the driest soils, it will 
1b~ found that in almost every year, even when the soil was driest 
in the fall, the winter precipitation penetrated to the full depth of 
8 f~et. That is, there was an increase of moisture in the spring, in 
the seventh and eighth feet. When a distinct increase of water oc- -
*Cameron and Gallagher. Moisture Content and Physical Condition pf ~'oi1s. Bull. No. 50. ~~rea~ of ~ps. pp. 45-49: ' ... , '. 
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TABLE No.6. 
The Distribution of Water in the First Eight Feet of Soil 
-t:~ . : in the Fall and in the Succeeding Spring. 
. (All Moisture percents. are on the basis of dry soil.) 
~~ I Average 1\ Per Cent. of Water in each Foot of Soil. IA ver-
~~ D ate. 1 \ 2 I 3 . \ 4 \ 5 . \ 6 I 7 I 8 I age. -
1 
1902-1903. . 
33 Sept. 8,.1902 6.37 7.32\ 8.17!8.5518·.26 9.29 10.1010.38 8.56 
33 Apr. 24, 1903 19.29 19.0 \18.83 16.99 13.61 12.6~ 12.24 12.37 15.63 
24 Sept. 8, 1902 10.52111.32113.54114.28 13.88 13.27 1~.5~ 1~.42 12.9? 
24 Apr. 14, 1903 18.10 18.62 18.61 16.71 14.78 12.55 12.03 12.10 15.44 
10 Sept. 6, 1902 15.50 16.51!18.39!18.3118.77 18.18 18.23 17.08 17.62 
10 Apr. 13, 1903 19.9719.24 17.09 17.3415.95 16.1015.2415.5217.06 
1904-1905. 
23 Aug. 3, 1904 6.12\ 7.43\ 7.43!7:99\ 8.97110.43 . .... ..... 8.06 ' 
23 Apr. 17, 1905 18.11 17.04115.28 11.87110.45 9.56 . ......... 13.74 
31 Aug. 22, .1904 10.71 11.64 ] 3.80\14.16 13.51 13.59 .... . ..... 12.90 
31 Apr. 17, 1905 18.9018.00 16.67\14.38113.19 12.55 .......... 15.62 
10 Sept.13,1904 17.85 17.97 18.43!19.16 16.9.3 16.58 .......... 17.82 
10 Apr. 22, 1905 19.54 18.90 18.60 16.43\14.57 13.54 .......... 16.93 
6 July 13, 1904\23.1.0\22.98\23.89\23.74123.22 20.50 . . ... . .... 22.91 
6 Apr. 12, 190519.9418.2318.65 17.73 17.80 17.88 ....... '.' . 18.37 
1905-190f> . 
20 Sept. 6, 1905 8.36 8.38 8.56 8.63 8.14. 8.77 . . . .. . ... , 8.4 7 
20 May 1, 1906 17.50 18.44 18.75 18.15 16.28 14.80 .......... 17.32 
30 Sept.14, 1905 13.1713.1214.02 13.19 12.09 11.86 .......... 12.91 
30 May 7, 190617.6517.85 18.27 18.30 16.831]5.41 ......... . 17.39 
32 Sept.14, 1905 17.62 17.39 18.00 17.66 16.35 16.03 ... . . ...... 17.18 
32 May 2, 1906 18.54 18.16 18.92 18.42 16.89.16.81 . ....... . . 17.96 
1906-1907. 
4 AuO'. 24,1906 8.33 7.63 8.42 9.66 11.30 10'.75 9.59 7.93 9.20 
4 Apr. 28, 1907 18.17 16.73 17.96 16.88 16.59 16.25 14'.98 13.48 16.38 
43 Sept.25, 1906 12.31 13.09 13.28 13.49 12.80 12.01 12.87 12.49 12.79 
43 May 9, 1907 17.49 17.31 17.67 17.53 16.31 15.37 15.01 14.38 16.38 
37 Sept. 3, 1906 16.26 17.60 18.54 18.05 16.13 16.16 16.60 15.56 16.86 
37 May 6, 1907 18.33 17.24 17.99 17.98 16.48 15.62 15.83 15.14 16.83 
1907-1908. 
24 Oct. 6, 1907 10.25 10.20 11.48 11.70 10.68 10.58 11.60 11.65 11.03 
24 Apr. 25, 1908 16.60 16.29 16.42 15.86 15 .. 8412.85 12 .. 68 12.39 14.89 
3 Sept.16, 1907 14.05 13.10 14.22 13.99 13.61 13.47 13.26 12.94 13.60 
3 A.pr. 22, 1908 16.73 16.98 17.29 16.64 15.30 14.83 13.74 13.13 15.56 
24 Sept.14, 1907 13.40 15.94 16.48 16.25 16.28 14.42 14.8Q113.05 15.34 
24 Apr. 23; 1908 15.42 14.-58 13.29 15.9114.15 13.60 1~~}>~?0 14.55 
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curred in the eighth foot it is almost certain that a small increase 
was felt also in the ninth and perhaps the tenth or lower feet. 
The second series of trials likewise show for all but the season of 
i902-03 an increase in moisture for each foot to a full depth of 8 
feet. ,When, however, the last series of trials, representing the soils 
that were wettest in the fall, is examined, it is found that in practic-
ally every season but one, the per cent. of water in the lowest foot is 
smaller in the spring than it was in the fall. Since the mobility of 
the soil water film increases with its thickness, it is difficult to believe 
that the fall and, winter precipitation which falls on a tolerably moist 
soil is held on the surface and then evaporated back wholly into the 
air, while on a drier soil it is drawn down to considerable soil depths 
and held there. This is especially difficult to believe, when it is again 
recalled that the per cent. of moisture is nearly the same in all soils 
in the spring. On the contrary, in view of the evidence that in the 
d!ier ~oils the winter precipitation moves downward steadily to the 
full depth of 8 feet, it must be concluded that the same occurs, and 
probably to a greater degree, in the case of the soils that were moister 
in the fall. The conclusion can not be far wrong, therefore, that 
when the soil structure permits, and the top soil is loose and absorp-
tive, and the percentage of moisture is high in the fall, a large part 
of the natural precipitation is absorbed and held by the soil to 
depths beyond 8 feet. 
From the fact that the eighth foot 'becomes dryas the growing 
season progresses, we have the right to infer that water is drawn by 
plants from below the eighth foot. Just how far down the action 
of plant roots is felt upon the soil moisture film is not known. How-
ever, it is certainly below eight feet, and it is not impro1?able that it 
is at least twelve or sixteen feet. 
8. How the Moisture Changes may occur. 
In explaining the moisture changes during the time of the winter 
precipitation it must be" taken into acco,unt, that owing to the con-
ditions of irrigation and plant growth which have prevailed through-
out the summer, the moisture found in the soils in the fall is dis-
tributed unnaturally. (See Tables Nos. 2 and 3.) During the grow-
ing season, the pull of the plant roots upon the water film, while dry-
ing out the soil, has also tended to move the whole soil water body 
upward. Likewise, the greater, amount of sunshine has exerted an 
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DIAGRAMS SRO WING DISTRIBUTION OF SOIL WATER 
I N THE FALL AND IN THE SPRING. 
(Based on Table No 6. ) 
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DIAGRAMS SHOWING DISTRIBUTION OF SOIL W AT EH 
IN THE F ALL AND IN THE SPRING • .l 
(Based on Table No.6. ) 
1 ' 1 ' 1 I I ' Ji ' 1 1 1 1 1 I I I I I I I 1111" 11". 
,'I. 210 31 4$ 6% 7$ ,,~ 9) "'~ lIS Q'" "'~ 14$ 1$ In. M .n "" 
29:: 
~W~ter Found 
in the Soil in the roll 
(Referrinr., (0 (he I '; 2--
and 8 ' Fee t ) 
.Percent afWater in DrySoil 
WoterFound ~in the Soil in 
rhe Fall(Y~4 ~ $'~~,"'afld 7'·Feetond 
lhe Avero9~)TheD()(I6Ie CroS$Hatchec/ 
Poruon Shows theWuter Lost durlnr the 
Water Added c==J 
during the Winter Seoson 
from the NctlAl'r:ll fh:cipitotiOl1 
(I': 2";~'!d8 .. t="¢elL 
Winter Sea.son 
! I ! , , , , , ! I , f ! I I I , t , I ! I , I, I ! I ! I , I , I ! I, I , I! I I I 1 , ! , 
1% 2% J " 4 ,. .1"% 6''11 7~ 8% 9% /d" #% 1.1% 13% 14% l,f" 16"% " % A1t .11'$ 20$ 21\\ Ln Z31 2.,,, 
Percent of Water in Dry .soil . 
~mt~rFound Wot8r'LO$tDurin9~ 
in the $oil in the Foil the WI"ter Seo.son in.$pite 
of Natural Precipitot ion 
294 UTAH EXPERIMENT STATION, 
upward pull on the soil moisture. Under the conditions of equilib-
rium thus established, a definite distribution has oecurred, which is 
best represented by the soils wettest in the fall. After harvest, the 
plant roots lose their power of taking up water and the effect of the 
sunshine diminishes, and gravity and the capillary forces have full 
sway. There is, therefore, a redistribution of the water in the soil in 
accordance with the prevailing forces. In this manner it is possible 
to account for the actual diminution of the percentage of soil moisture 
in the wettest soils, during the winter season. During the long sea-
son between harvest and seed time, making in many cases fully six 
months of the year, there is ample time and opportunity for this re:-
distribution to go on. 
It is a most serious mistake to forget the extreme mobility of the 
soil water film, which is h~ld closely around the soil particles. Grav-
ity tends to pull it downwards; and the sun's heat to lift it; the drier 
neighboring particles cause a movement in their direction; any ab-
straction of water, as by plant r<?ots, causes a local thinning of the 
water film, with a consequent readjustment; an addition of water 
causes a local thickening of the film, with a corresponding readjust-
ment. The soil water film may be viewed as being in a state of trem-
bling activity, tending to place itself in full equilibrium with the sur-
rounding contending forces, which are, themselves, constantly 
changing. It is probable that at no time of the year are the various 
forces affecting the so~l moisture fe~er and less active than in ~arly 
spring. 
9 . . The Total Amount of Water in the Soil in Spring. 
Table No.5 also shows the comparatively small total amount 
of water that can be :held in the soil to a depth of 8 feet. In the 
months of April, 1903, 1905 and 1908 for instance, the total amount 
of water is equivalent to something less than 18 inches. In May of 
1905 and April and May of 1907 it was something less than 20 inches, 
and in April and.May of 1906 it was a little more than 20 inches. The 
ordinary annual precipitation at the Greenville farm is not far from 
15 inches. A soil depth of eight feet, therefore, is not able, under 
ordinary field conditions, to contain more than the total precipita-
tion of 1~ years. In arid regions, where the soil is almost as im-
portant as a storage reservoir as it is as a storehouse of plant food, 
the fact of the somewhat low water holding power per foot, is of es-
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pecial interest. The lesson of this observation is the necessity of 
deep soils for purposes of irrigation, at least in places where water is 
scarce. A deep soil will ·offer a larger amount of stored water in the 
spring, and during the irrigation season will store the water arti-
ficially applied, to greater depths, away from dissipating causes. 
Aside from any questions of fertility, therefore, the uniformly deep 
soil is the ideal soil for the irrigation farmer. In passing it may here 
be remarked that not all the water in a soil is available for plant uses. 
Perhaps less than 50 per cent. of the total water capacity under field 
conditions may be used by plants. The farmer must therefore al-
ways count on carrying over a certain amount of water from year to 
year if he is to get the full value of the water applied to the soil. 
10. The Value of Fall Plowing in Conserving the Natural rre-
cipitation. 
In view of the importance of the winter precipitation in crop 
production, the methods of conservinO" the snow- and rainfall be-
come likewise of very great importance. It is generally conceJed 
that in order to permit the winter precipitation to enter the soils 
easily and effectively, the soil should be plowed in the fall and left 
in a rough state throughout the winter. To prevent a loss of ...  his 
storage moisture, when the warm sunshine of spring and summer lP-
pears, the fall plowed soil should be harrowed in early spring, ,.md 
by means of repeated harrowings a dry earth mulch should be kept 
on the surface. On the overwhelming majority. of Western soils, 
the only right time for plowing is in the fall; on an equally large 
proportion of Western soils, the best method' of preventing evap-
oration from soils, is deep and thor.ough cultivation. 
The soil of the farm on which the experi-ments reported in this 
bulletin were conducted, was tilled in the best possible manner, 
The top soil was loose and permitted the ready entrance of water, 
The field was usually plowed in the fall. During two seasons only 
was it possible to secure. comparative data dealing with fall versus 
spring plowing. These are presented in Table No.7. 
Since the per cent. of moisture in soils in the spring is approxi-
mately constant, and further, since the normal winter precipitation 
is more than sufficient to saturate the soils t9 the eighth foot limit, 
it would hardly be expected that a noticeable increase in the per 
cent. of soil moisture should occur throughout· the upper eight feet 
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of soil. In fact, as shown by Table No.7, in early spring, there is 
only 0.23 per cent. more water in the fall plowed than in the spring 
plowed soil. It so happ~ns that for the two seasons, exactly the same 
difference appears. However, the difference, small as it is, is in 
favor, in both seasons, of the fall plowed soil. 
Some workers in this field have noted the small increase in the 
percentage of soil moisture to certain depths, resulting from fall plow-
ing, and have hastily concluded that fall plowing has little value in 
conserving the natural precipitation. In view of the law of the ap-
proximate constancy of the soil moisture in the spring, such views 
may be revised. Fall plowing undoubtedly conserves the winter 
precipitation. 
TABLE No.7. 
The Soil Moisture in Spring and Fall Plowed Ground. 
(All moisture per cents. are on the basis of dry soil.) 
Flowed in Fall of 1905. II 
I 1905 I Average I 1908 I Average II T"0la· ~f Average Per Cent. Average Per Cent. r " Date 01 Water Date of Water 
18 ISept. 3110.35IApr. 261 15.0611 
Plowed in Fall of 1906. II 
No of 
Trial. 
28 
Plowed in Spring of 1906. 
I 
1905 I Average I 1908 \" Average Average Per Cent. Average Per Cent 
Date of Water Date of Wate 
IAug. 25111.36IApr. 27114.83 
Plowed in Spring of 1907. 
II 1908 \ Average I 1907 I Average II I 1908 I Average I 1907 I Average. "yo'latof Averagl Per Cent. Average Per Cent. No. of Average Per Cent. Average Per Cent r. Date of Water Date of Water Trial. Date of Water Date of Water 
34 IAug.3oI12.45IMay 2°114.2611 19 1 Oct". 10111.65IMay 3114.03 
11. Fall and Winter Irrigation. 
In many places, where the winter precipitation is not great, and 
water in the streams goes to was"te in the fall, much benefit may be 
gained by fall or winter irrigation. " The principles already discussed" 
in this bulletin govern generally the storage of irrigation water ap-
plied to soils after the growing season. It is possible to store by 
these methods large quantities of water to be used early in the suc-
ceeding season by growing crops. When this is done, the amount of 
irrigation water that needs to be" applied the following season is 
materially lessened. Great care should be taken, however, not to 
apply so much water as to further the water logging of the soil. Fall 
and winter irrigation is a coming practice in arid districts, but it 
must be done cautiously. It is especially safe on well drained lands, 
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12. The Formation of Water Logged Lands. 
A farmer who has an abundance of water at his disposal will 
usually. apply more to th~ soil than is really necessary for the needs 
of the plants. As already shown, the soil, under field conditions, 
has a very limited water capacity and the excess of water must soak 
downward, far beyond the eighth foot limit of these investigations. 
A soil may appear to be only moderately wet on the surface, and ye 
water may be moving downward many feet below the reach of the 
soil auger. The moment the saturation point, somewhere near 17.5 
per cent., is reached the water will move steadily below the eighth 
foot. Table No.5 shows that the maximum amount of water held 
by the soil during the five seasons of these experiments, to a depth of 
eight feet, was equivalent t? 20.48 inches of water. When to such 
a soil, twenty to forty inches of irrigation water are added during the 
season, there is a possibility of saturating the soil to a depth of six-
teen to twenty-four feet, and of thickening the soil water- film to 
much greater depths. Such amounts of water, are, of oourse, far 
beyond the capacity of any crop to consume. Then, in the fall, the 
winter precipitation occurs, which pushes the water still lower, and 
durina the succeeding summer a series of heavy irrigations are again 
applied, with a still lower penetration of the moisture film. The 
downward movement of the water is thus continued from season to 
season, until at last some impervious stratum is reached. At that 
t)oint the soil pores become filled with water, and an accumulation 
ui water begins. As irrigation is continued, the layer of water upon 
the impervious soil stratum thickens and rises nearer the surface. 
In the course of a few seasons, unless some compensating influence 
appears, the standing soil water is near or it may be upon the surface. 
Then the alkali rises; the soil texture weakens, and the whole dis":' 
trict requires drainaae or some other remedial means for the evil the 
careless use of water has brought upon the soil. This view is not 
new, but the truths, experimentally demonstrated in these ihvesti-
o'ations, throw considerable light upon the mechanism of water log-
ging lands under irrigated conditions. 
While therefore it is desirable to store the winter precipi~atioii, 
or water applied in irrigation, to considerable soil depths so that it 
may not be acted upon directly by the sun and winds and will not be 
utilized too easily or wasted by plants, yet the danger limit must not 
be overstepped. The amount of water that may be stored safely in 
298 UTAH EXPERIMEN,T STATION, 
a soil depends upon the water capacity of the soil, the depth to which 
the sucking action of plant roots is felt, the distance to an impervious 
soil layer, and the climatic and cultural conditions prevailing on the 
farm. If the farmer has some idea of these conditions, as he·.should 
have, and knows further the approximate amount of water that he is 
using, it should be possible to avoid the disastrous results that fol-
low the water logging of agricultural soils in an arid district. The 
haphazard methods still largely in vogue can lead only to injurious 
results. 
C. ON ARID OR NON-IRRIGATED FARMS. 
13. The Experimental Farms and Methods. 
In the summer of 1903, six farms were established by State au-
thority for the purpose of studying the possibility of O"rowing crops 
without irrigation on the OTeat unirrigable deserts of Utah. These 
farms were located in widely separated parts of the State, on lands 
for ·which it is improbabl~ that irrigation water can ever be secured.* 
Soil moisture studies naturally formed an important part of the work 
of these stations. On a number of the experimental plats, soil sam-
ples were taken at various times throughout the year, precisely as 
was done on the irrigated farm already discussed in this bulletin. Since 
the analyses w~re made a~ Logan, the soil samples were placed 
in small tin cans, (baking powder cans) sealed with an elastic band, 
and shipped by .express to the la.boratory. Numerous causes con-
tributed to make this part of the work somewhat unsatisfactory. 
First, the foremen doing the sampling were not trained in the methods 
of the work; secondly, the soils were very dry, and some of the soil 
fell back into the holes, and thirdly, during transit, the rubber bands 
frequently slipped in part from the cans, and thus permitted loss of 
moisture by evaporation. Revised and more satisfactory methods 
are now being used, which no doubt will furnish valuable data in thp. 
near future. However, from the samples gathered, and analyses 
made, certain conclusions can be drawn safely, and it is these that 
are here presented. As arid farming progresses there is a greater 
*For the history of the farms and preliminary reports, see Bulletins 75 and 91, 
Utah Experiment Station, by John A. Widtsoe and Lewis A. Merrill, and Bulletin 
100, Utah Experiment Station, by W. M. Jardine. 
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need for a more complete understanding of. the behavior of soil moist-
ure under the conditions of crop production without irrigation. 
Any contribution to the subject is interesting at the present time. 
In the light of the conclusions reached from the work on the irrigated 
Greenville "farm, the soil moisture data of the arid farms become 
much more intelligible. 
TABLE No.8. 
Average Mechanical Analyses of the Average Soil of the Experi-
men tal Arid Farms. 
(To a depth of eight feet.) 
I 
(coarseMatter Sand Clay 
-Iron County ...... . . . .. .... . 4.55 31.79 11.91 
Juab County ..... . ... . ... . . 6.07 29.53 15.69 
San Juan County ...... . .... 0.87 56.46 9.15 
Sevier County ... ..... . ..... 31.31 55.31 11.84 
Tooele County . ..... .. ' . . . . . . 7.28 38.65 12.91 
Washington County ... . ... . . 16.28 53.86 10.16 
The nature of the soil.s on the farms is shown in Table No.8. A 
complete study of these soils will be published in a later report. The 
Sevier County Farm soil is very gravelly; there is also considerable 
gravel in the soils of the Tooele and Washington County Farms. 
The soils of all the farms with the exception of that from the Juab 
County Farm cont.ain considerable sand. All in all, the soils of the 
farms are fair types of Great Basin soils. 
14. The Per Cent. of the Winter Precipitation Found in the First 
Eight Feet. 
Table No.9 gives the per cent. of the winter precipitation found 
• in the upper eight feet of soil in the spring. The data are drawn 
from the six arid experimental farms and cover three se~sons. The 
evidence of the table is conclusive in showin~ that a very large por-
tion of the winter precipitation is actually f()l1nd in the soil in the 
spring. The highest maximum of anyone farm was 93.17 per cent. 
on the Juab County Farm in 1904-05; and t~e lowest maximum. was 
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TABLE No.9. 
The Per Centage of the Winter Precipitation Found in the 
First Eight Feet of Soil in the Spring. On Arid or Non-
Irrigated Farms. 
(All soil moisture per centages on the basis of dry soil.) 
Average Per Cent. of 
Wakr in Soil in Fall. 
(To a depth of 8 feet) 
I 1904. 
Average Per Cent. of 
Water in 'Soil in the 
Spr'ing. (To a deplh 
of 8 feet.) 
.5 
! SAN JUAN COUNTY FARM. 
I 1905. I I I 
61 Aug. 31 
4 Sept. 1 
9.891 April 15 114.31 / 4.42/ 
8.15 April 16 11.89 3.74 
5.861 
4.97 
9.601 61.04 
8.95 55.53 
I JUAB COUNTY FARM. I 
1904. 1905. I i 
1 July 27 12.34 April 15 19.72 7.38 9.82 10.54 93.17 
4 July 27 ~5.71 April 22 18.81 3.10 4.14 10.89 38.02 
8 July 27 17.23 April 19 19.17 1.94 2.59 10.68 24.25 
1905. i ~. 1906. 
3 Oct. 17 12.91 May 7 17.87 4.96 6.60 11.01 59.95 
5 Oct. 18 14.75 May 7 18.64 4.11 5.47 11.01 49.69 
10 Oct. 17 15.67 May 7 18.95 3.28 4.36 11.01 3·1.6 
7 Oct. 18 17.16 May . 7 19.58 2.42 3.22 11.01 29.25 
1906. 1907. 
1 Nov. 7 11.50 May 2 15.51 4.01 5.34 8.18 65.3 
4 · Nov 7 15.68 May 2 18.02 2.34 3.12 8.18 38.14 
11 Nov. 8 17.54 May 3 18.94 1.40 1.86 8.18 22.74 
2 Nov. 8 19.80 May 3 20.86 1.06 1.42 8.18 17.3& 
TOOELE COUNTY FARM. 
1904. 1905. I I I I 
1 July 27 9.LD April 13 11.70 2.60 3.42 8.72 39.25 
5 'July 26 12.10 April 13 14.50 2.40 3.16 8.72 36.24 
1 July 27 15.51 April 13 16.04 .53 .70 8.72 8.03 
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TABLE No. 9,-Continued. 
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1905. 1906. 
II 
I 
4 July 28 11.04 May 7 17.61 6.57 8.64110.65 81.13 
2 July 28 15.82 May 8 17.14 1.32 1.74 10.65 16.3 
I WASHINGTON COUNTY FARM. I 
1904. \ 1905. 
7 Oct. 19 8.71 May 29 10.96 2.25 3.07 6.05 50.74 
I 1905. 1906. 
4 Oct. 10 8.53 April 9 15.73 7.20 9.81 11.92 82.3 
' 7 Oct. 10 11.00 ' April1I9 17.61 6.61 9.01 11.92 75.6 
1906. 1907. 
7 Oct. 2 12.36 April 12 18.30 5.94 8.09 14.49 55.3 
5 Oct. 1 14.90 April 12 18.24 3.34 4.55 14.49 31.4 
IRON COUNTY FARM. 
1904. 1905. 
10 Aug. 8 7.73 April 5 11.14 3.41 4.71 7.27 64.8 
9 Aug. 8 9.62 April 5 11.78 2.16 2.99 7.27 41.13 
1 Aug. 11 14.07 April 5 15.11 1.04 1.44 7.03 20.5 
1905. l',1906. 
2 Nov. 15 7.48 May 11 10.09 2.61 3.61 6.91 52.3 
19 Nov. 6 10.34 May 8 12.81 2.47 3.41 7.03 48.5 
7 Nov. 17 12.21 May 10 13.53 1.32 1.82 6.91 26.3 
1906. 1907. 
9 Sept. 20 9.56 May 15 11.94 2.38 3.29 10.24 32.1 
12 Sept. 21 12.13 May 15 12.97 .84 1.16 10.24 11.3 
7 Sept. '20 14.57 'May 15 12.48 Loss . . . .. 10.24 . .. .. 
1 Sept. ,28 16.82 ,May 17 14.71 Loss . .... 8.72 . .... 
SEVIER COUNTY FARM. 
1905. 1906. 
2 Oct. 6 12.69 May 2 16.43 3.74 4.98 8.11 61.4 
1906. • 1907. 
1 Sept. 30 13.271 April 12 l5.38 2.11 2.81 4.18 67.2 
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32.10 per cent. on the Iron County Farm in 1906-07. The average 
of the maximum results was 61.85 per cent. of the winter precipita-
tion. T~e results of this work prove that in the upper eight feet of 
the arid farms, under the moisture-dissipating conditions there pre-
vailing, over ninety per cent. of the winter precipitation may be 
stored in the soil until spring, and that nearly two-thirds of the winter 
precipitation was the average proportion found in the spring. 
As in the case of the irrigated farm, however, the per cent. of 
the winter precipitation accounted for in the upper eight feet of the 
soil in the spring, varies inversely with the per cent. of moisture in 
the soil in the fall. In several cases, in which the fall moisture was 
high, the per cent. of moisture was actually lower in the spring. 
This ~lso agrees with the findings on the irrigated farm. 
The water not accounted for in the upper eight feet either es-
caped by evaporation into the air, or it passed below the eighth foot 
limit of the soil auger. 
15. The Constancy of the Per Cent. of Soil Water in the Spring Time. 
By examining the fifth column of Table 9, headed "Average 
per cent. of water in soil in spring," it may be observed that the per 
cents. of soil moisture in the spring on the arid farms were not so con-
stant as in the case of the irrigated farm. (See Table No.5.) How-
ever, in each farm there appears to be a tendency to . constap.cy. 
Especially in the first season, 1904-1905, when the virgin soils were 
first broken, is the absence of constancy observable. In the later 
years there is a greater approach to constancy. The Juab County 
·Farm is the only exception, but it had been plowed a ye~r before the 
first crop was planted. This observation may be explained by re-
calling that, since the plow had not touched these soils with the ex-
ception of the Juab County Farm before the ~ummer Qf 1903, they 
were sunbaked, and in .other ways fitted to shed the water that might 
fall upon them. As cultivation proceeded the precipitation entered 
more easily, new moisture conditions were established, and a new 
constancy was approached. It is easily noted, how~ver, by a study 
of the table that th.e soil on each farm has a specific water capacity un-
der field condition~ which may be approximated from the per cents. 
of moisture found in the soil in the spring. Thus, for example, 
the w'ater capacity of the Juab County farm soil must be near 19 per 
cent.; of the Tooele County Farm soil, 17 per cent.; of the Washing-
.- •• .J I . ~ '" 
! 
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ton Co~nty Farm soil, 18 per cent.; of the Iron County Farm soil, 
14 per cent., and of the Sevier County Farm soil, 16 per cent. It is 
, noticeable that all these figures are low-between 14 and 19 per cent. 
It may be suggested that if these farms had been plowed, and 
allo.wed to lie fallow for two or three seasons, the full water capacity 
of the soils would have been reached, and the constancy of the spring 
moisture would then have been observed. In fact, however, the 
soils were cropped, at least every other year, and thus the soils' were 
drained of moisture before the full water capacity had been attained. 
It may be suggested, further, that arid or non-irrigated farming 
should as far as possible be done on soils, the water capacities of which 
are fully saturated under field conditions', and that cropping under the 
conditions of arid farming, should be so planned, as to make it pos-
sible for the natural precipitation to saturate the soil fully between 
successive crops. If this were observed there would be fewer fail-
ures in arid farming. Even a large annual precipitation has dif-
ficulty in producing a satisfactory crop on a soil which has ' been 
drained of its moisture at the time of planting. 
16. How Much of the Precipitation is Lost by Evaporation? 
Very little information is at hand with which to answer this 
question. The arguments used under Section 6 for an irrigated 
~oil hold in general for a non-irrigated but cultivated soil. Since 
the driest soils of the arid farms accounted for an average of nearly 
two-thirds. of the total winter precipitation, evaporation can not 
claim more than a part of one-third. There is probably a larger pro-
portional evapor'ation of water from arid soils, than from irrigated ' 
soils, because the total amount of water involved is smaller. Never-
theless, this is yet to be proved. The driest soils under irrigated 
conditions accounted for about 82 per cent. of the winter precipita-
tion; the driest soils under arid conditions accounted for about 62 
per cent. The difference may be due partly to a difference in evap-
oration. It must be remarked again, however, that the two kinds 
of ,soils are not comparable-the irrigated soil had been carefully 
culti,yatedJor thirty years, while the arid soils had jl,lst been reclaim-
ed from the -desert. -, 
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TABLE No. 10. 
The Distribution of Water in the First Eight Feet of Soil 
in the Fall and in the Succeeding Spring. 
(All moisture per cents. are on the basis of dry soil.) 
~]IAverage 
~~ Date. 
Per Cent. of Water in each Foot of Soil. IA vel' 
1 \ 2 \ 3 \ 4 \ 5 \ 6 \ 7 \ 8 \ age. 
SAN JUAN COUNTY FARM. 
1904-1905. 
4 Aug. 31, 1904 8.87 7.16 8.36 10.6110.52 11.23 10.81 11.87 9.93 
4 Apr. 15, 1905 19.18 14.45 15.71 14.23 13.03 11.79 14.81 11.88 14.41 
6 Sept. 1, 1904 7.44 6.05 5.96 6.03 7.58 9.01 10.58 11.71 8.10 
6 Apr. 16, 1905 14.32 15.02 13.03 12.40 10.77 9.02 10.23 10.47 12.16 
I 
JUAB COUNTY FARM. 
1904-1905. 
4 July 27, 1904 14.06 15.60\16.27 17.5118.65 17.98 13.21 12.97 15.78 
4 Apr. 22, 190522.11 22.86 19.19 19.0117.39 18.7116.0115.59 18.86 
8 July 27, 1904 16.56 17.88\17.53 17.94 18.50 18:64 15.87 14.51 17.18 
8 Apr. 19, 1905 23.29 21.82 19.00 18.99 19.01 18.50 16.32 16.07 19.13 
1905-1906. 
30ct.17,1905 15.26 ~6.53 13.77 13.32 14.30 11.71 7.06 12.19 13.02 
3 May 7, 1906 18.19 18.92 18.21 18.48 18.67 17.85 16.05 16.72 17.89 
5 Oct. 18. 1905 16.12 17.06 15.02 14.70 15.19 14.2112.96 12.9114.77 
5 May _ 7,190620.4820.5819.1017.7618.3017.1117.77 18.18 18.66 
10 ·6c~. Ii, 1905 16.42\16.96\16.38\15.42\16.87115.14 14.05 13.55 i5.54 
.10 May 7, 1906 19.75119.15 18.85\~9.07\19.10 18.87 18.2? 17.76 18.85 
7 Oct. 18, 1905 16.1119.40_18.67\16.86118.20\17.01 15.22 15.56 17.13 
"7 May 7, 190621.1821.2119.45 19.55 19.47 19.47 18.30 17.82 19.56 
1906-1907. 
4 Nov. 7,· ~906 16.38 15.98 14.62 13.71 15.27 18.23 15.03 15.89-15.64 
4 May 2-,-190718.8918.9618.3117.6517".7618.8518.04 15:98 19.-0~ 
11 Nov. 8,1906 16.55 18.54 17.50 17.18 18.36 18.90\16".90 16.7117."58 
11 May 3, 1907 18.46 19.45 17.85 17.60 18.42 18.7117.09 16.2017.97 
2 Nov. 8, 1906119.23117.18119.18\19.44\19.49\20.56\21.94\21.60 19.83 
2\May _ 3, 190720.4820.52 21.77 19.921~0.58 21.06 25.67 25.40 21.93 
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TABLE No. lOt-Continued. 
The Distribution of Water in .the First Eight Feet of Soil 
in the Fall and in the Succeeding Spring. 
(All moisture per cents. are on the basis of dry soil.) 
~.; I Average 
0-1 z~ Date. 
I Per Cent. of Water In each Foot of Soil. lAver 
I 1 I 2 I 3 I 4 I 5 I 6 1 7 I 8 1 age. 
TOOELE COUNTY FARM. 1 
1904-1905. 
1 July 27, 1904 6.12 7.50 8.90 14.10 12.04 13.63 · .... · .... 10.76 
1 Apr. 13, 1905 17.03 8.94 8.85 12.62 11.60 11.07 13.43 11.97 11.94 
5 July 26, 1904 8.08 12.00 13.27 14.43 12.95 13.13 • .0 •• · .... 12.31 
5 Apr. 13, 1905 18.04 13.42 13.13 13.95 15.01 13 ~97 12.20 ........ 14.25 
1 July 27, 1904 13.62 15.98 16.63 16.73 13.93 16.63 14.13 15.91 15.52 
1 Apr. 13, 1905 20.77 17.60 15.71 15.71 13.02 17.60 12.83 15.48 16.09 
1905-1906. 
4 July 28, 1905 8.25 10.00 11.50 12.13 13.50 10.51 13.60 13.03 11.57 
4 May 7, 1906 18.04 19.62 18.41 16.51 15.41 15.91 16.96 · .... 17.27 
2 July 28, 1905 15.15 14.97 13.57 16.78 13.44 12.21 · . .. . • . 0 • • 14.35 
2 May 8, 1906 16.98118.67118.20114.30119.181 ... . . 17.47 
WASHINGTON COUNTY FARM. 
1904-1905. 
7 Oct. 19, 1904 8.141 9.59/9.78/8.47/8.20 6.85 7.66 8.54 8.40 
7 May 29, 1905 17.34 14.33 11.38 8.50 8.70 7.35 7.45 6.59 10.21 
1905-1906. 
4 Oct. 10, 1905 12.98 8.15 8.21 8.12 7.92 7.10 5.50 · .... 8.28 
4 Apr. 9, 1906 19.47 19.80 19.34 18.93 17.47 12.27 8.45 7.73 15.43 
7 Oct. 10, 1905 14.85 14.10 11.70 8.19 7.45 6.35 5.69 6.60 9.36 
7 Apr. 9, 1906 19.92 20.00 20.35 17.52 16.85 14.75 12.71 13.11 16.90 
1906-1907. 
7 Oct. 2, 1906 12.51 12.10 11.15 12.11 12.60 11.86 13.94 12.91 12.40 
7 Apr. 12, 1907 16.90 19.11 18.65 16.80 19.58 18.44\15.35 20.16 18.15 
5 Oct. 1, 1906 12.75 14.33 16.78 17.38 16.63 15.35/10.04 10.37 14.20 
5 Apr. 12, 1907 17.52\17.77 19.11 19.97 20.30 15.95 16.17 14.75 17.69 
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TABLE No, 10.-Continued. 
The Distribution of Water in the First Eight Feet of Soil 
in the Fall and in the Succeeding Spring. 
(All moisture per cents. are on the basis of dry soil.) 
(;;i /Average 
~~/ Date. 
1 Aug. 6,1904 
1 Apr. 4, 1905 
10 Aug. 8,1904 
10 Apr. 5, 1905 
9 Aug. 8,1904 
9 Apr. 5, 1905 
3 Aug. 12, 1904 
3 Apr. 5, 1905 
1 Aug. 11, 1904 
1 Apr. 5, 1905 
2 Nov.15, 1905 
2 May 11,1906 
19 Nov. 6,1905 
19 May 8,1906 
7 Nov.17, 1905 
7 May 10, 1906 
2 Sept..28, 1906 
2 May 18, 1907 
9 Sept.20, 1906 
9 May 15, 1907 
12 Sept.21, 1906 
12 May 15, 1907 
7 Sept.20, 1906 
7 May 15, 1907 
1 Sept. 8; 1906 
1 May 17, 1907 
2 Oct. 6, 1905 
2 May 2,1906 
1 Sept.30, 1906 
1 Apr. 12, 1907 
I Per Cent. of Water in each Foot of Soil. /A ver 
I 1 I 2 I 3 I 4 I 5 I 6 I 7 1 8 1 age. 
IRON COUNTY FARM. 
1904-1905. 
2.89 4.0417.7116.6416.57 8.73 6.72 4.70 6.00 
15.77 13.50 7.08 7.41 7.78 9.41 8.00 5.47 9.30 
5.68 7.12 7.25\ 7.87 7.70 7.20 9.39 9.77 7.75 
17.2212.30 9.46\ 8.72 9.43 9.27 12.29 10.36 11.13 
9.62 10.04 10.84\ 9.40 8.25 8.69 10.30 9.77 9.61 
18.21 13.22 11.47 10.10 9.82 9.09 11.72 10.86 11.81 
15.45 18.23 15.86 10.57 9.30 8.97 6.73 6.82 11.49 
22.08 16.70 12.76 9.42 8.91 8.02 6.75 5.63 11.28 
18.76 21.34 14.70 10.92 9.69 . .. .. 9.42 14.83 14.24 
23.15 23.15 16.28 10.15 8.45 10.37 17.35 13.60 15.31 
1905-1906. 
9.07 7.55 7.15 8.3016.87 6.10 . .... · . . .. 7.51 
16.06 15.68 13.43 9.83 7.14 7.06 6.27 "6.40 10.23 
12.40 12.03 10.30 9.1019.0818.6010.28 9.62 10.18 
17.93 ~ 7.82 14.29 9.88 9.98 9.76 11.62 11.26 12.82 
16.30 14.29 10.8119.85110.29 8.25113.72 13.09 12.07 
17.09 18.18 16.06 11.71 11.57 9.01 10.64 11.41 13.21 
1906-1907. 
9.50 8.21 11.71 11.58 7.36 5.78 4.44 3.04 7.70 
16.01 11.16 10.39 11.17 7.76 5.55 2.70 4.79 8.69 
14.41 12.08 11.02 8.72 8.27 8.18 ·7.19 6.57 9.55 
17.52 18.46 13.53 9.40 9.46 9.26 9.42 8.37 111.93 
18.60 16.70 12.62 9.75 9.78 8.27 10.97 11.06 12.22 
19.00 16.77 14.21 11.91 10.69\ 8.96 11.33 11.10112.99 
20.32 16.63 14.72 13.52 14.70 9.68 12.50 12.26 14.29 
17.12 15.71 13.45 11.47 11.77 10.44 9.10 11.22 12.54 
17.37119.60119.2016.9017.1110.06 17.0017.97 16.90 
11.98 12.87 13.81 18.04 11.61 15.71 18.35 15.49 14.73 
SEVIER COUNTY FARM. 1 \ 
1905-1906. 
10.59 15.75112.51112.05/13.32 . . " . · . . . . · . .. . 12.84 
17.00 14.08114.50 17.26 17.10 19.00 18.75 17.81 16.94 
1906-1907. 
12.57 13.43117.65113.2319.71 . . . .. • .0 •• · . . . . 13.32 
12.35 16.25 16.80 16.00 · . . .. • .0 •• 15.35 
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17. Does , the Precipitation go below the Eighth Foot Limit? 
The results obtained from the irrigated farm would lead 'to the 
belief that the winter precipitation falling upon arid soils would 
likewise move below the eighth foot limit. On the other hand, the 
questionable constancy of the per cent. of soil moisture in the spring. 
indicating as it does, incomplete saturation of the soil, would make 
very doubtful the penetration of the winter precipitation to great 
depths. In Table No. 10 all the available, reliable data bearing on 
this point are presented for the arid farms in question and for the ' 
three experimental seasons. 
In the San Juan County Farm soil, for the only experimental 
season recorded, 1904-190f \he precipitation scarcely penetrated 
beyond the fifth foot. 
In the Juab County Farm soil, there was an increase of moisture 
in the ,spring in' the eighth foot for the season of 1904-1905; a much 
larger increase in the season of 1905-1906, and in the season of 1906-
1907, complete saturation under field conditions had been reached. 
In the Tooele County Farm soil, during the season of 1904-1905, 
the depth of penetration varied with the dryness of the soil in the 
fall. On the driest soil, the precipitation appeared not to go below 
the second foot; on the wette~t soil to the eighth foot. During the 
next season, however, an increase of' moisture was found to:the full ' 
depth of eight feet. 
The wi~ter precipitation penetrated the soils of the Washington 
County Farm during the season of 1904-1905, to a depth of three feet; 
during the next two seasons, 1905-1906 and 1906-1907, to the full 
depth of eight feet. 
The soils of the Iron County Farm generally showed an increase 
to the full depth of eight feet, though there were some notable ex-
ceptions. It may be remarked that the increases in the lower soil 
layers of this farm were very small. 
The winter precipitation penetrated the soils of the Washington 
County Farm during the two experimental seasons, 1905-1906 and 
1906-1907, to the depth of five feet-the full depth from' which sam-
ples were secured on this farm. 
It seems safe to draw two conclusions from these results. First, 
that the penetration of the winter precipitation was smallest during 
the first season after the land was broken, and, secondly,"that in the 
great majority of cases, after the first season, the rain- and snowfal 
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penetrated the full eight .feet, and probably to lower layers. The 
claim made that the water of the natural precipitation moves down-
ward in agricultural soils to con'siderable depths is fully upheld. It 
may furthermore be concluded that in arid soils as in irrigated soils, 
some of the winter precipitation not accounted for in the spring in 
the upper eight feet has penetrated below the eighth foot limit It 
is evident also, that cultivation of the soils furthers the downward 
motion of the soil moisture. 
The explanation of the moisture changes under field condi-
tions on arid farms is the same as that presented under Section 8. 
18. The Total Amount of Water in the Soil in the Spring. 
Using the approximate water capacities as stated In Section 15, 
Table No. 11 has been <ionstructed. It shows the number C!f inches 
of water that the first eight feet of soil of the various far;r:ns may hold: 
also the approximate annual precipitation at the respective farms. 
While the data of the table are not ~holly accurate, they furnish a 
gqod idea of the relation between the water capacities of the various 
farms, and the amoun~ of the natural precipitation. 
TABLE No. 11. 
The Relation Between the Soil Water Capacity and the 
Natural Precipitation. 
Approximate 
water capacity Inches of rain- Approximate to depth of 8 fall equivalent FARM feet. In per to water capa- annual Precipi-
cents in' water-I city to 8 feet tation. 
free basis 
Juab County .... . .... . .. 19 25 15 
Tooele County ... . . ... .. 17 22 14 
Washington County ... . . 18 24 13 
Iron Comity .... . ....... 14 19 13 
Sevier County ........... 16 21 .13 
Table No. 11 shows quite clearly that the soils in question are 
able to hold the rainfall of from one and one-half year~ to nearly two 
years, in the upper eight feet. The best results in arid farming will 
probably come when the water capacity is fully attained at seed time, 
to a depth of at least eight feet, and perhaps deeper. This, if correct, 
would imply that the total precipitation ~f two years should be in the 
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soil before planting. One year's precipitation will then be taken out 
by the crop, and the other year's precipitation be kept in the soil as 
a workinO" capital with which to enable the new moisture to move 
downward rapidly, and to enable the lower moisture to move upward 
with ease to the plant roots. 
19. The Effect of Summer Fallowing on the Soil Moisture. 
The value of summer fallow in producing certain and large crops 
on the arid farms of the Great Basin has been amply demonstrated. 
Whether or not some other cultural method will have an equally 
good effect is yet to be determined. At the present time arid farm-
ing within the Great Basin is somewhat precarious, unless the land 
is clean fallowed every other year; if fallowing is carefully practiced, ' 
however, crop failures on the arid farms are almost unknown. 
It is very generally believed that one of the chief benefits of 
summer fallow on land that is kept ' perfectly free from vegetation, 
is that the precipitation of the fallow season may be stored in the 
soil to be used by the next crop. Accordingly, one crop is given the 
use of the precipitation of two years. On the Arid Experimental 
Farms the majority of the piats were cropped every other year. Some 
for comparison's sake were ,cropped every year, and some were 
'cropped only once in three years. 
The soil samples taken for the purpose of studying the effect of 
fallowing on ,soil moisture did not give 'as conclusive results as were 
desired. In view of the principles already developed in this bulletin, 
this was only to be expected. As has been shown, the comparatively 
low water capacities of agricultural soils under field c'onditions cause 
the precipitation to move downward, below the eighth foot limit of 
the soil augers. Even before complete saturation of the water ca-
pacities has been attained, the soil moisture will move down ward 
below the reach of the soil augers. The water added to the soil dur-
ing the fallow season sinks deeper than eight feet, and is therefore 
only partly accounted for in the samples taken in these experiments. 
To obtain really certain data on the relation between fallowing and 
soil moisture it would be necessary to follow the precipitation to the 
full depth it reaches in the soil, which very likely is twice the depth 
re~ched by the soil augers. Other workers in this department of 
study have noticed the small increase in soil moisture due to fallow-
ing and, not clearly understanding the principles involved, have 
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TABLE No. 12. 
The ' Effect of Summer Fallowing on the Moisture Content 
of Arid Soils. 
(For the explanation of the 'column headed Condition see 
Table No. 13; also the text.) 
Increase in 
Average AVerage ! Average Average No. of Condition PerCent. Date of % W a t er Date of % Water of Soil Trials Nnmber Sampling in Soil I Sampling in Soil Moisture 
SAN JUAN COU TY FARM. 
I 
I 
1904. 1905. 
7 3 Aug. 31 8.93 April 14 13.21 4.28 
3 4 Sept. 2 8.68 April 17 12.00 3.32 
JUAB COUNTY FARM. 
1904. 1905. 
4 1 July 26 17.56 April 13 18.98 1.42 
4 3 July 27 14.84 April 20 18.70 3.86 
4 4 July 27 16.72 April 25 19:45 2.73 
1 5 July 27 16.35 April 15 19.30 2.95 
1905. 1906. 
5 1 Oct. 17 15.56 May 6 19.24 3.68 
4 2 Oct. 17 16.22 May 5 19.44 3.22 
5 3 Oct. 19 16.47 May 8 19.10 2.63 
10 4 Oct. 18 14.79 May 7 18.45 3.66 
1 6 Oct. 17 16.28 May 8 19.79 3.51 
. 1906. 1907 . 
3 1 \ Nov. 7 15.56 May 2 18.19 3.63 
5 2 Nov. 7 17.36 May 3 18.40 1.04 
1 3 Nov. 7 11.50 May 2 15.52 4.02 
8 4 Nov. 8 17.85 May 3 18.18 .33 
1 6 Nov. 8 19.11 May 4 19.35 .24 
TOOELE COUNTY FARM. 
1904. I 1905. 
3 1 July 26 12.00 April 13 13.80 1.80 
2 3 July 27 10.16 April 13 13.69 3.53 
2 4 July 27 14.4;0 April 13 15.76 1.36 
1905. 1906. 
2 1 July 28 15.82 May 8 17.14 1.32 
1 2 July 28 11.12 May 8 19.88 8.76 
1 3 July 28 10.50 May 7 18.94 8.44 
2 4 July 28 11.29 May 7 15.94 4.65 
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TABLE No. I2,- Continued. 
The Effect of Summer Fallowing on the Moisture Content 
of Arid Soils. 
(For the explanation of the column headed Condition see 
. Table No. 13; also the text.) . 
Average Average I Average Average Increase in No. of Condition Per Cent of 
Tria ls Number Date of % wat"'·1 Date of % Water Soil Sampling in Soil Samflling in Soil Moisture 
WASHINGTON COUNTY FARM. 
I 1904. I 1905. 
6 3 Oct. 18 8.60 May 29 10.27 2.19 
1 7 Oct. 28 8.96 May 29 10.80 1.84 
1905. 1906: 
4 3 Oct. 10 8.53 Aprii 9 15.73 7.20 
7 4 Oct. 10 11.00 April ·9 17.61 6.61 
1906. 1907. 
5 3 Oct. 2 12.42 April 12 19.48 7.06 
7 4 Oct. 1 14.10 April 12 17.26 3.16 
IRON COUNTY FARM. 
1904. 1905. 
2 1 Aug. 5 10.36 April 3 10.25 -.11 
13 3 Aug. 7 8.21 April 5 11.40 3.19 
7 4 Aug. 13 10.85 April 6 12.10 1.25 
2 7 Aug. 5 7.32 April 3 11.27 3.95! 
1905. 1906. 
2 1 Oct. 28 9.78 May 7 13.86 4.08 
3 2 Oct. 27 10.67 May 5 13.61 2.94 
7 3 Nov 15 9.88 May 11 12.70 2.82 
10 4 Nov. 16 11.04 May 7 12.73 1.69 
- 4 5 Nov .14 10.43 May 12 12.04 
I 
1.61 
1 6 Nov. 27 12.30 May 14 16.38 4.08 
1 7 Oct. 27 9.67 May 5 11.80 2.13 
I 1906. 1907. 
3 1 Sept. 18 10.96 May i1 11.11 .15 
2 2 Sept. 19 13.19 May 15 14.20 1.01 
11 3 Sept. 20 11.60 May 15 12.53 .93 
10 4 Sept. 23 12.53 May 17 13.30 .77 
3 5 · Sept. 27 8.50 May 18 10.06 1.56 
.2 7 Sept .18 13.38 May 14 10.73 -2.65 
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TABLE No. 12,-Continued. 
The · Effect of Summer Fallowing on the Moisture Content 
of Arid Soils. 
(For the explanation of the column headed Condition see 
Table No. 13; also the text.) 
======~======~~======~==~==~--~--~~~~---------
A I ncrease in 
No. of Condition Average Date of 
Sampling 
Average 
% Water 
in Soil 
Average 
Date of 
Sampling 
...... verage p C f 
at W t er ent. 0 
Trials Number / 0 a er S'1 in Soil ~I 
1 
1 
1 
4 
5 
4 
SEVIER COUNTY FARM. 
1905. I I 1906. 
Oct. 6 I 13.31 May 2 
Oct. 61 12.10 I May 2 
1906. 1907. 
I Sept. 30 I 12.27 I Apr. 14 I 
17.80 
15.13 
15.38 
MOIsture 
4.49 
3.03 
2.11 
hastily drawn the conclusion that the soil moisture is not increased 
during the fallow season. 
In spite of the probable insufficiency of the conclusions that may 
be drawn, the data bearing on continuous versus intermittent crop-
.ping as related to soil moisture, have been gathered and presented 
in Table No. 12. As in all the other work reported in this bulletin, 
the 'winter precipitation only is considered; that is, the period of 
study began in the fall after harvest time and ended in the spring, 
before planting time. 
During the three experimental seasons, on the six farms in ques-
tion, the soils were in seven different conditions, each one of which is . 
accounted for in the table. The subjoined. descriptions, as well as 
Tab-Ie No. 13 will make the conditions clear. 
Spring 
Planted 
Crops. 
Condition No.1. Corn or some other spring planted 
crop is grown every other year. The period 
begins immediately after the harvest of a crop. 
Condition No.2. Corn or some other spring planted 
crop is grown every other y~ar. The peri09 
begins one year after the last harvest; planting . 
will occur the next spring. 
Fall 
Planted 
Cr9Ps. 
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·Condition No.3. Wheat or some .other fall planted 
crop' is planted every other year. The period 
begins immediately after the harvest of a crop. 
Condition No.4. Wheat or some ot her fall planted 
crop is planted every other year. The period 
begins one year from harvest, and at the time 
of planting the next crop. 
Condition No.5. Lucern or any other perennial crop. 
The period begins in fall of each year. 
Condition No.6. Wheat or some other fall planted 
crop. Grown once in three years. After each 
harvest there are two fallow years. The period 
begins one year from the harvest of the crop. 
No crop is growing on the plat during the period. 
Condition No.7. Corn or some other spring sown 
crop is grown every year on the plat. The 
period begins just after harvest, and contin-
ues until the crop of next spring is put in. 
TABLE ·NO.13 
Showln!1 CondItIons of Fields In Summe-r Fallow Experiment.s 
Sprln9 Fall Sprint} Fall ~prin9 Fall 
Corn Pia nted Corn Ham-t.t~~ ,;o'l.l-lo. (rop NoC~ £W'laflted jeorn HorresTed 
uti 
No Crop WhealP~ ~Growln9 ~ht'OrHq~ ,tJprop Wheat PlonTeo 
~ 
F,rst *0' L{)Cern Lucern Lucern Luc r ti~cern Luccrn 
- CZ!lrIi 
Wheot(;rowln9 WI! eat flory~ stec{ No Crop NoCr~ ionWrop Wheat Planted 
Corn. Planted {ornHarr~ ~PJanted Com Harvested ComP/anteci Corn Harvested 
Conditions 1 and 3 represent periods immediately following a. 
harvest; conditions 2 and 4, periods immediately following a fallow 
season; conditions 5 and 7, continuously cropped lands, and condition ' 
6, periods following two fallow seasons. 
Conditions 1 and 2 are comparable, and assuming like soils and 
cultural treatme'nt, the per cent. of soil moisture under condition 
2 should be higher both in fall and spring than under condition 1. 
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For the fall that is true, as shown by Table .N o. 12 in 3 out of 4 cases; 
for the spring in 3 out of 4 cases. The comparison of these conditions 
indicate the value of summer fallow as a means of increasing the 
soil moisture. 
Conditions 3 and 4 are likewise comparable. In the fall the 
per cent. of soil moisture should be higher in 4 than in 3, _ and in the 
spring the difference should be small, perhaps slightly in favor of 3, 
as a fall crop has been growing under 4, to consume some of its moist-
ure. For the fall, the theory is borne out in 6 out of 8 cases, and for the 
spring in 3 out of 5 cases. - The comparison of these conditions like-
wise favors the belief that fallowing conserves the na.tural precipi-
tation. 
Conditions 1, 2, 3 and 4, which represent plats that are cropped 
only every other year, should, if the intermittent cropping is not too 
intense, show in the fall or spring higher per cents. of soil moisture 
than conditions 5 and 7 which represent plats that are cropped every 
year. For the fall, this is confirmed in 5 out of 5 cases; for the spring 
in 4 out of 5 cases. These results also indicate that the average per 
cent. of moisture will be higher from year to year in soils that are 
fallowed in alternate years. . 
Finally, condition No.6, which represents soils entering upon 
the second fallow season, should show higher per cents. of soil moist-
ure in the fall: than any of the other conditions excepting No.2; and 
in the spring, than any of the others. This view is confirmed for the 
fall in 2 out of 3 cases, and for the spring in 3 out of 3 cases. The 
preponderance of evidence here is in favor of the belief that fallow-
ing increases the moisture content of arid soils. 
This analysis of results which may be verified by an examination 
of Table No. 12 points definitely to the law that whenever soils are 
given fallow periods, the average per cent. of moisture in them, to 
a depth of eight feet, will be higher than in soils ,which are cropped 
continuously. The more frequently the fallow period occurs, the 
greater will the difference be. The higher per .cent. of soil moisture 
means a nearer approach to the)ull water capacity of the soils, which 
in turn means that the Boil moisture can move downward more 
readily a~d to greater depths below the eighth foot limit . . 
While, as already explained, with the experimental methods 
employed it is practically impossible to follow the soil moisture in 
its full descent, yet the evidence secured is sufficient to warrant the 
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truth of the doctrine that, under condit~ons of summer fallowing, 
the precipitation of successive seasons may be storp.d. in the goil for 
the use of a subsequent crop. In a later bulletin it will be shown 
that for another ,re,ason also, summer fallowing should be practiced 
on arid farms. 
D. CONCLUSION. 
20. Summary. 
1. The beginning of irrigatl;n wisdom is the conservation ' of 
the natural precipitation. 
2. Irrigation should be supplementary to the natural precip-
itation. 
3. The natural precipitation oyer the larger portion of the 
Great Basin, if properly conserved by summer fallowing, is suffi-
cifmt to produce crops without irrigation. 
4. The amount of moisture found in the soil in the fall depends 
on the crop grown, the total amount of water applied during the 
season, the summer precipitation and, on an irriO'ated farm, on the 
date of the ,last irrigation. 
5. On an irrigated farm as high as 95.56 per cent. and on non-
irrigated farms as high as 93.17 per 'cent. of the total winter precipi-
tation were found in the upper eight feet of soil. 
6. The average of the maximum per cents. of the winter pre-
cipitation found in the upper eight feet for five years on an irrigated 
farm was 82.13; for three years on non-irrigated farms, just reclaimed 
from the desert, was 61.85. 
7. The drier the soil is in the fall the more of the winter pre-
cipitation is found in the first eight feet of soil. 
8. The water capacity of soils under field conditions is low, 
usually not above 18 per cent. 
9. In the spring irrigated soils to a depth of eight feet are 
fully saturated and non-irrigated soils are usually so. 
10. A comparatively small portion 'of the winter precipitation 
is lost from the soil by evaporation. 
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11. A considerable portion of the winter precipitation passeE. 
down through the soil below the eighth foot limit. 
12. In the spring, less than 20 inches of precipitation are usually 
founa in the upper eight feet of soil; that is, not more than the pre-
cipitation of one and one-half years is stored in the upper eight feet 
of soil. 
13. To make farming without irrigation successful, a considera-
ble per cent. of soil moisture must be carried over from year to year. 
14. Fall plowing tends to conserve the natural precipitation. 
15. Fall or winter irrigation is advisable on deep soils with good 
drainage. It should he practiced in moderation. 
- )j 16. Lands may be water-logged even when only a small surplus 
of water is applied at each irrigation. The surplus moves to con-
siderable depths until an impervious soil layer is reached, where the 
accumulation of water begins. 
17. Summer fallowing conserves the soil moisture; the longer 
the fallow period, the higher the per cent. of soil moisture. 
18. The reason why the beneficial effects of summer fallowing 
and fall plowing are not more evident in the soil moisture content is 
that the water capacity of most arid soils is small and that during 
the winter season a large portion of the water moves below the 
eighth foot limit reached by the soil augers. 
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